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ABSTRACT
Int J Exerc Sci 3(3): 102-107, 2010. The present study was initiated to monitor the training load
with the magnitude of impact on the hormone concentrations such as testosterone, cortisol and
T/C (Testosterone/Cortisol) ratio during the three phases of training (i.e. preparatory, precompetitive, and competitive phases) in Indian male swimmers preparing for the 2010
Commonwealth Games. Blood samples were collected at the end of each training phase and
hormone concentration was determined by ELISA. Our results reveal that testosterone
concentration and the T/C ratio significantly decreased and the cortisol concentration increased
in the subsequent periodized cycle. Change in hormone concentration was associated with the
intensity and duration of individual exercise sessions. The greatest performance enhancement
was realized with the lowest plasma cortisol, highest testosterone, and a high T/C ratio.
Monitoring of these hormones also have implications for identifying and preventing
overreaching in swimmers.
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INTRODUCTION
Performance in swimming is governed by
the maximal energy output, which is
obtained by the well-designed training
program (6). The purpose of any training
program is to produce metabolic,
physiological, and psychological changes,
to increase the rate of energy release during
exercise and to delay fatigue that allow
swimmers to perform better in competition
(25). The changes that take place in
response to training allow the body system
to function more effectively and efficiently
during the competition. Significant changes
and improvements in some physiological
functions can occur in 6-8 weeks of training
(16).
Chronic training elicits adaptations in
normal physiology, resulting in improved
performance. During the actual training,
the structural and biochemical constitution

of cells and organs are challenged, leading
to an increased catabolism. In the recovery
period the disturbed cells or organ systems
try to regain homeostasis and anticipate to
another disturbance of homeostasis by an
over adaptation. Hence, there has to be a
proper balance between the disturbed
homeostasis and recovery, leading to an
increase of individual physical stress
tolerance or else the desired adaptations
will not occur (18). A loss of previously
gained adaptations and overtime of the
catabolic process exceeds the ability of
tissues to repair themselves. This process is
termed as failing adaptation or over
training (25). Whenever an excessive and
extended training is simultaneously
applied with inadequate recovery, several
of the positive physiological alterations
associated with physical training are
reverted to overtraining (2). Hence, there is
a subtle limit between an optimum
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performance and a chronic decrease due to
overtraining (10).

that energy, in repairing tissues, in building
tissues etc. (25). Increased exercise stress is
manifested in physiological, biochemical
changes and is often in conjunction with
psychological alterations, all of which result
from an imbalance in homeostasis (31).
Hormone levels are influenced by the
physical exercise especially of testosterone
and cortisol level (18, 12).

Overtraining seems to be associated with
changes in neuromuscular, hormonal and
immune system functions, which reduce
the ability of the athlete to tolerate training.
An imbalance between the overall strain
experienced during exercise training and
the athlete's tolerance of such effort may
induce
overtraining
or
overtraining
syndrome. Overtraining syndrome is
characterised by diminished sport-specific
physical performance with accelerated
fatigability and subjective symptoms of
stress (29). An athlete must maintain the
delicate balance between the catabolic and
anabolic processes. Hormones regulate the
catabolic and anabolic process of the body
system. Endogenous hormones are essential
for physiological reactions, adaptations
during physical work and influence the
recovery
phase
after
exercise
by
modulating
anabolic
and
catabolic
processes (11). Hormones play important
role in many functions such as providing
energy to the muscles, nerves and replacing
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Testosterone is considered as the main
anabolic hormone because it stimulates
protein synthesis mainly in muscle and
skeletal tissues, accounting for more than
half of the body’s mass (30). Cortisol is the
catabolic hormone involves in many
functions such as gluconeogenesis via the
proteolytic pathway, increases protein
breakdown, inhibits glucose uptake and
increases lipolysis (20-21, 31). T/C
(Testosterone/Cortisol) ratio is used as an
indicator of balance between the anabolic
and catabolic state of an athlete (5).
The aim of this investigation was to
monitor the training load during three
phases of training using plasma hormone
concentration in Indian male swimmers.
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One-way analysis of variance (ANOVA)
and Scheffe’s post-hoc comparison were
used to determine the significant
differences among the variables. Data are
presented as Mean ± Standard deviation.

METHODS
Subjects
Seven national level male swimmers from
Sports Authority of India (Bangalore)
participated in this study. None of the
subjects had history of usage of anabolic
steroids. This study was approved by the
ethical committee of Sports Authority of
India. The physical characteristics of the
subjects are presented in Table 1.

RESULTS

Training
A well-designed training program for
national swimmers was used for 3 months
(11 weeks). The periodization involved
three phases: preparative, pre-competitive,
and competitive phase. Each phase was
further subdivided into mesocycles and
microcycles as demonstrated in Table 2.

Testosterone and cortisol concentration
were greater during the pre-competitive
phase when compared to preparatory and
competitive phases. T/C ratio was greater
during the preparatory phase than the
other two phases. Testosterone, cortisol and
T/C ratio varied significantly over all three
training
phases.
Testosterone
was
significantly
different
between
precompetitive and competitive phases
(P<0.05), cortisol was significantly different
between the preparatory and precompetitive phases (P<0.01), and T/C ratio
was
significantly
different
between
preparatory and competitive phases
(P<0.01).

Blood Collection
Venous blood samples (~10 mL) were
collected at the beginning of the
preparative,
pre-competitive,
and
competitive phases. Blood was drawn from
an antecubital arm vein in the morning
(0800-0900) following an overnight fast (>12
h).
Hormone Analysis
Serum was separated from the whole blood
and separate ELISAs were used for the
quantitative determination of testosterone
(DRG Diagnostics, Germany) and cortisol
kit (DIAMETRA, Italy). T/C ratio was
calculated by dividing testosterone by
cortisol concentration.

DISCUSSION
The aim of this training program was to
increase and improve the athlete’s physical
performance. Since there is a continuous
risk of imbalance among training,
competition and recovery, overtraining can
be a recurrent problem (18). Overtraining
may be defined as an increase in the
training volume or intensity that results in

Statistical Analysis
Statistical analysis was completed using
SPSS (Windows release 9.0) and Minitab 14.
International Journal of Exercise Science
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performance decrement (18). Six percent
(6%) of long distance runners, twenty one
percent (21%) Australian swimmers and
more than fifty percent (50%) of Soccer
players have been classified with
overtraining (28) and it is estimated that
seventy percent (70%) of high-level
endurance
athletes
have
been
in
overtraining state during their careers (26).

function but frequent extended training
doesn’t allow for repair and recovery. It is
also assumed that, a transient suppressive
effect on testicular luteinizing hormone
receptors as a result of the exercise-induced
increase in cortisol is the reason that
testosterone concentration was decreased
by
endurance
training
or
during
overtraining
(32).
Reduced
cortisol
concentration is ideal for an athlete to
achieve tissue growth and positive
adaptations to exercise training (21). In the
present study, cortisol concentration
decreased during competitive phase in
100% case of swimmers whereas only 86%
cases reported during pre-competitive
phase. This shows that, as the swimmers
reached the pre-competitive phase the
cortisol increased. This exercise induced
cortisol increase depends on the duration
and intensity of repeats/workout during
training. Therefore, the intensity increased
in the subsequent periodized cycle resulted
in increased cortisol concentration. In
support of our research scientists shown
that the endurance training decrease the
resting total testosterone (3, 14, 33) and
increase the cortisol levels in males (4, 22,
24). These testosterone and cortisol
alterations
are
apparently
adaptive
responses to the physiological stresses
associated with training (13, 15, 23).

In the present study, from the total
population of seven male swimmers, 57%
are from middle distance group, 29% are
from distance group and 14% are from
sprint group. The objective of our research
is to determine the response of hormonal
markers during training cycles on Indian
male swimmers and the performance
responses.
In the present study, testosterone
concentration decreased significantly from
the preparatory to the competitive phase.
The
decrement
of
testosterone
concentration during competitive phase
was 100% whereas during pre-competitive
phase it was 43% when compared to the
preparatory phase. During the lead up to
the pre-competitive phase, the testosterone
concentration increased, which may lead to
increased muscular development. This
significant
change
in
testosterone
concentration appeared to be related to
intensity and duration of individual
training sessions. During the course of the
training program, the base aerobic volume
and anaerobic threshold decreased, the
maximum aerobic power and lactate
tolerance were improved subsequently.
Hence,
increased
intensity
in
the
subsequent periodized cycle lead to
decreased testosterone concentration. Our
results demonstrate that the duration,
intensity and frequency of exercise will
determine the circulating testosterone
concentration. During endurance training
or prolonged training period, testosterone
is needed for the maintenance of muscular
International Journal of Exercise Science

Our results show that the T/C ratio
decreased significantly from preparatory
phase to competitive phase. The T/C ratio
decreased during the competitive phase in
all subjects, whereas it decreased in only
86% of subjects during pre-competitive
phase. Decreased T/C ratio may be an
“indicator of an insufficient regeneration”.
The T/C ratio can decrease up to 0.031
ng/ml
without
effecting
athletic
performance. As the normative range of the
T/C ratio has not been defined, the abovementioned value can be used as a frame of
reference.
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and Occupational Physiology 29(4): 299-305,
1971.

From the results obtained, swimmer
performance was enhanced when cortisol
concentration was low and testosterone
concentration was high. As testosterone
and
cortisol
concentration
show
considerable individual variation during
training, we recommend that testosterone,
cortisol, T/C ratio may be used as a
potential indices of training volume. Our
study concludes that the serum hormone
concentration fluctuates with the intensity
and duration of exercise.
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